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The Characteristic Changes under the
Repeated Thermal Exposure in the Process of

Repairing Aircraft Sandwich Structures

Abstract

Autoclave curing using the vacuum bagging method is
widely used for the manufacture of advanced composite
prepreg airframe structures. Due to increasing use of
advanced composites, specific techniques have been
developed to repair damaged composite structures. In order
to repair the damaged part, it is required that the damaged
areas be removed, such as skin and/or honeycomb core, by
utilizing the proper method and then repairing the area by
laying up prepreg (and core) then curing under vacuum
using the vacuum bagging materials. It shall be cured
either in an oven or autoclave per the original specification
requirements. Delamination can be observed in the sound
areas during and/or after a couple of times exposure to the
elevated curing temperature due to the repeated repair
condition. This study was conducted for checking the
degree of degradation of properties of the cured parts and
delamination between skin prepreg and honeycomb core.
Specimens with glass honeycomb sandwich construction and

glass/epoxy prepreg were prepared. The specimens were



cured 1 to 5 times at 260°F in an autoclave and each
additionally exposed 50, 100 and 150 hours in the 260°F
oven.

Each specimen was tested for tensile strength, compressive
strength, flatwise tensile strength and interlaminar shear
strength. To monitor the characteristics of the resin itself,
the cured resin was tested using DMA and DSC. As a
results, the decrease of Tg value were observed in the
specific specimen which was exposed over 50 hrs at 260° F.
This means the change or degradative of resin properties is
also related to the decrease of flatwise tensile properties.
Accordingly, minimal exposure on the curing temperature is
recommended for parts in order to prevent the delamination

and maintain the better condition.
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Figure 1.1 Load in the Elements of a Cored Structure.

Fig. 1 Load in the element of a cored Structure.

RUDDER

SPOILERS

ELEVATORS

INBOARD AILERON PANELS

OUTBOARD
/ AILERONS

Graphite/Eposy use

Inboard and outboard spoders
nboard aileran Rudcer

Owitoard sikeron El e ator

(a) Graphite/epoxy
Fig. 2 Composite materials of boeing 767 aircraft.

- To be continued -



MACELLE STRUT & 1)
THRUST REVERSER
FAIRINGS

INBOARD FLAP
DEBRIS PROTECTION

OUTBOARD FLAP
LEADING &
TRAILING EDGES

STWMQEFHIHE E
CENTER SUPPORTS

Jl-LB-D HEEELLMEWS I{:OMPDNENIS

M EME APE SYSTEMS
LAW.TCIFEI N I'.‘L
CARGO LININGS il 2 GSETS AND
KM!r.FE ¥ Use @ Fairings-Engine pylon
F.cs Fulhnt‘ ﬂy i TE
Dutglrd stowage bins and center stowage supports Fairi mpr.fn miwumﬂm
Lars closets In%‘ partithon b .

M\ ¥ Axrlasw

FINED T/E PAMNELS

T/E FLAP
LINKAGE
FAIRINGS

FIED T/E
PANELS

SEAL PLATES

WiNG TD BOODY

FAIRING

INBDARD FLAP-
COVE PAMNELS

— COWL COMPONENTS

NOSE LAMDING
MAIN LANDING

GEAR DDORS
(FIBERGLASS /ORAPHITE GEAR DDORS
COMPOSITE

Hybridl Keviar/Graphite) Uses : Landing gear doors body
R Sy See! Pistes-baolize
Cowis-Thrust revarser, inlet and fan abes- stabili ;
Fairing-TE flap linkage Hybrid(Fiberglass Craphite) Uses
Cove Panels-inbd T/E Nap Mose landing gesr O00rs
Wing/body fairing

(c) Hybrid(Kevlar/ graphite) composite



(epoxy)

(repair)

, Bonding Shop

(delamination)

(cure cycle)

flatwise tensile test interlaminar shear test,



DMA (Dynamic Mechanical Analysis),
DSC(Differential Scanning Calorimetry)

(repair)
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22.1
(matrix) , (compasite
structure)
( -hybrid)
, ( -fiber science),
(foam) (

-sandwich structure),
(6)

22.1.1 - fiberglass( - glass cloth)
(silica)
2212 (aramid)
(organic fiber) . ,
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22.13 / (carbon/ graphite)

(precursor)

PAN(Polyacrylonotrile)  pitch

Pitch pitch
polyacrylonitrile(PAN) polyacrylonitrile(PAN)
1000~2500 carbon
2500~3000
graphite
PAN spool
’ . pltCh
(strong), (stiff),
(rigid strength) .
/ (ribs)
1 (primary structure components)

(high rigidity)
(bulkhead), (ribs), (stringer)

50t/
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22.14 (boron)

(CVD, Chemical Vapor Deposition)

E-glass
22.15 (ceramic)
2,200
(heat resistant) ,
Table. 1
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Table 1 Properties of reinforcing fiber.

roperty | Density Tensile Specific Tensile Speacific Melting
Eiba Strength Strength Slifiness Modulus | Point
Fiire Lbfin? 1091k ine 10%im 108 ldin 107in o
E-Glass 0.0g2 500 54 10.5 11 1318
S-Glass Q.080 FO0 78 12.5 14 1650
Baran 0,053 500 54 &0 65 2100
Carbon 0,051 250 449 27 53 3700
Graphite 0.051 250 49 37 72 3650
Favlar 0.062 526 101 8 35 248
Aluminum 0.097 80 a 10.6 11 &80
Titanium Q170 280 16 16.7 110 1668
Sleel 0.282 E00 20 a0 10 1621
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222 (matrix system)

(matrix resin system)

(thermoplastic)
(thermoset)
windshield
(plexiglass) . windshield
windshield

(1)

Shell Ep828, Ciba-Geigy MY720,
Narmco 5208, Hexcel F151, 3501

T able 2
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Table 2 Thermoplastic and thermoset.

Type

Fisir Thermosets Thermoplastics
- = Proven Materials = Mewer Matenals
Maprity = Good Database = Limited Database
: L = Mo refrigeration
= Refngerated for Limited L .
Storage : : s Unlimited out-time
Ot-Time and Shelf Life e,
and shelf Tife
; i j = Potential for high void
Prepreg = High Cuality - Tacky a Low Farmability
= Nomal Pressure / = High Pressure, Temperature,
Cure Cyele Temperature Fast Processing Cycle
Reparability | = Patch Type Repair Required | * ww;’]g Reprocessing
. . » Thermotorming of Flat
Forming = Cure to Shape Sheet Requir




223

2231

(honeycomb sandwich structure)

(facing)
(inplane
load) (bending rigidity)
(pre-impregnated) ,
) (hybrid)
(laminate)
(Core)
(shear rigidity)
KRAFT , ,
) (peel resistance)
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2232

®)

(resin
rich) (resin lean)
(lay-up)
(unairworthy)
/
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(thermosetting resin)
A, B, C-stage 3

- A-stage -
- B-stage -
Flow
- C-stage -
(hot melt prepreg
process) (solvent prepreg process)
Fig. 3 (b)
(drying tower)
(roll)
Fig. 3 (a)
(spool)
prepreg pre-impregnation ( )
B-stage
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Fig. 3

(a)

(b)
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RESIN COATED PAPER
HOT MELT IMPREGNATION

(b) 74 xg-2g2 A2

(a) Hot melt prepreg process.

(b) &4 x2|-xdx AxFFH

(b) Solvent prepreg process.

Fig. 4 The manufacturing process of prepreg.
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233 (core materials)

Fig. 4 (rotor blade)

b

(foam core)

b b

80%
2331 (honeycomb core)
composite
honeycomb core sandwich
structure
aerodynamic smoothness, noise , /
Fig. 5 sandwich
(faces) aluminum sheet, glass fiber, carbon fiber,
kevlar etc (Core) aluminum honeycomb, nomex

honeycomb etc
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Fig. 5

- L” dimension --- /
- W” dimension -- - /
- T” thickness ---
Nodes ----------- Cell
Cell size -------
Cell
- Ribbon direction- Node
- Density - pound per cubic foot (PCF) perforated
honeycomb cell wall
honeycomb curing adhesive  resin
gas adhesive

non-perforated type
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(b)
Fig. 4 (a) Metal skin will bend and flex when forces are
applied in flight. (b) Composites keep the structure foam

flexing in flight, eliminating fatigue.

Fig. 5 The name of honeycomb core structure
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honeycomb  expansion

corrugated process

) Node line adhesive web material
) adhesive line curing expansion
block
) block slice
expansion cell

Corrugated process

Web material corrugating roll
corrugated sheet node adhesive
block
Honeycomb  core adhesive cell
(500 ) :
fiber sheet aluminum foil
node
Node adhesive
titanuum, nickel honeycomb spotwelding
brazing
non metallic honeycomb fiber sheet
phenolic resin (preimpregnated), dip
coating node bonding resin

adhesive

resin  fungus-resistant
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Fig. 6 (a) (b)

WEB

ROLL

Figure 4-1. Expansion method of producing honeycomb core materials.

(a)

Figure 4-3. Corrugating production method.
(b)

Fig. 6 (a) Expansion method of producing honeycomb core

materials, (b) Corrugating production method.
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Fig. 7 Fig. 5

il

sandwich ~
[0

Fig. 7 Example of a bonded sandwich assembly.
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cell configuration

-Aluminum honeycomb

- 2024 alloy (high room temperature properties)

- 5052 alloy (genetal purpose)

- 5056 alloy (high strength)

- Aluminum commercial grade (low cost/non mil-spec)
- Glass reinforced honeycomb

- Glass fabric reinforced plastic dipped in a heat resistanct

phenolic resin (350 )

- Bias weave glass fabric reinforced plastic dipped In a
heat resistant phenolic resin (350 , shear
strength )

- Glass fiber reinforced plastic initially impregnated in a
nylon- modified phenolic resin and finally dipped In a
polyester resin (180 )
- Bias weave glass fabric reinforced plastic dipped in a
polyimide resin (500 )
-Aramid fiber reinforced honeycomb
- Aramid fiber paper dipped in a heat resistant phenolic
resin (high strength & toughness / low density / damage
resistant / formable / fire resistant / water & fungus

resistant / good thermal electrical insulator / 300

- Aramid fiber paper dipped in a polyimide resin (above /
excellent dielectric)
-Welded titanium honeycomb

-Welded nickel honeycomb

- 29 -



- Special honeycomb

- Water resistant core material (for air transportable
shelter)

- Kevlar 49 reinforced plastic dipped in a epoxy resin (for
space application / very low comefficients of thermal

expansion)

honeycomb type
factor
. factor
Table 3 (a),(b)
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Table 3 Factors of selecting honeycomb type.

(a)
Glass Fiber Reinforced Honeycomb
TT Dippad In a Incorporated Dipped In a Cipped In a
Factor Phenalic: Rasin | wilh Bias Polyastar Palyimide
Weave Resin Rasin
Cost Moo MO0 MO HIGH
Max Service Temp 350 “F 350 °F 350 °F 350 "F
Flammability E E E E
Impact Resistanoe F €] F F
Moisiure Resistance E E E E
Fatigus Strength G £ G G
Heatl Transfer LOoW LW LA L2
(b)
ey Aluminum Heneycomb Aﬁiﬁir’:ci:;r A:;ﬂ:::n
Factor
052 Al _ Dinpad_ Ina Wal:au
5056 2024 | Commercial F’h&r‘-nllc Resistant
Grade Resin Core
Cost MoD HIGH LOW MOD Lo
Max Service Temp 350 °F | 420°F 350 *F 350 °F 350 °F
Flamimability E E E E P
Impact Hasistance G G G E F
Moisture Resistanos E E E E 3
Fatigue Strength G G G E F
Heat Transfer HIGH | HIGH HIGH LOwW LOW
E: Excellent G: Good F: Fair P: Poor
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Cell configuration

- Hexagonal core

Metal Non
Metal
Over expanded core
Hexagonal core W over-expand rectangular
cell L curving forming
Hexagonal core W L
- Reduced anticlastic curvature (flex-core)
hexagonal core
formability
- Tube core
Flat aluminum foil corrugated aluminum foil
adhesive tube core

Other configuration
reinforced L honeycomb, dovetail,
chevron core
90%
honeycomb type

factor

- 32 -
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Fig. 8 Manufacture of honeycomb sandwich structure.

- 33 -




2332 (Central foam)

(Fire resistance) , )

. Fig. 9
(solid fiber glass)
(laminate) 4
. Fig. 9 2

6%
37
10

(styro foam)

canard,

(urethane foam)

(Poly Vinyl Chloride - PVC)
PVC

(wood core)
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(balsa wood)

Fig. 9 Honet siffens and strengthens a structure without

materially inreasing its weigth.
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Fig. 10

(honeycomb sandwich)
, (batch)

(10)

(Autoclave)
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Fig. 10 Lay-up of vacuum bagging materials.



3.1

3.1.1

3.12

(lay-up) -

CFRP
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( )
(cure cycle) (heat cycle)
b b ( )
, (void)

(cure cycle)

Fig. 11

Fig. 12
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Process Facility
‘ Prepreg ‘ Freezer truk under - 18
!
‘Prepreg cutting‘ Automatic cutting m/c

1

Lay-up/debulk

Automatic Lay-up m/c

1

‘ Tool-Vacuum - bagging materials

Packing

‘ Vacuum pump

1

Cure in

autoclave

Autoclave

1

‘ Release

1

‘ Survey

‘ NDI ultrasonic scanner

1

X-ray scanner

| Trim/hole

Fig. 11 Process of Autoclave.
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L. Start with a clean, smooth tool plate, Note
that any flaws or irregularities on the tool
plate will show up on the cured laminace
This may necessitate sanding or washing the
plate with solvent.

Step 1. Start with a clean,
smooth tool plate. Note that
any flaws or irregularities on
the tool plate will show up on

the cured laminate. This may

necessitate sanding or
washing  the plate  with
solvent.

3. Apply release agent as directed 1o tool

Step 3. Apply release agent as

directed to tool surface.

Fig. 12

plate along edges with adhesive
tape 1° wide. This keeps this area clean and
free of any release agent in preparation for
the application of sealant tape (step 15),

Step 2. Tape tool plate along
edges with adhesive tape 1"
wide. This keeps this of any
release agent in preparation
for the application of sealant

tape(step15).

4, Peel the polyethylens backing off of each
prepreg laver hefore lavine it dnum an the

Step 4. Peel the polyethylene
backing off of each prepreg
layer before laying it down on
the tool.

Honeycomb panel fabrication.

_ 41 -



i. La].ln the first ply in the center of the
ool, making sure that i is smooth and frec
if wrinkles and distortion.

Step 5. Lay down the first ply

in the center of the tool,

making sure that it is smooth

and

of wrinkles

and free

distortion.

TA roller may be used to remove an:,-
trapped air bubbles and wrinkles from the
layup.

Step 7. A roller may be used

to remove any trapped air

bubbles and wrindles from the

layup.

6. Lay each subsequent ply directly over the
first, lining up the edges. This is important
to ensure proper fiber orientation. Include
film adhesive where and if it is called for,

subsequent
the first,
lining up the edges. This is

Step 6. Lay each
ply directly over
important to
fiber

adhesive where and if it 1is

ensure proper

orientation. Include film

called for.

8. The core is laid down in the same manner
us the prepreg, with the edges lined up with
the prepreg plies.

Step 8. The core is laid down

in the same manner as the
prepreg, with the edges lined

up with the prepreg plies.

- Continued-
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9. Subsequent prepreg plics are laid up on
top of the core in the same way as shown in
steps 5 through 7. Again, a roller may be
wsed to smooth out the plies,

Step 9. Subsequent prepreg
plies are laid up on top of the
core in the same way as
shown in steps 5 through 7

Again, a roller may be used to
smooth out the plies.

edges of the
luminate to prevent core crush when vacuum
and pressure are applied. The supports
ghotld be placed over the release film so that
they do not stick 1o the laminate. 12" metal
strins (flat stoek) are used here

11. Place supporis around

11. around

edges of the laminate to prevent

Step Place supports

core crush when vacuum and
pressure are applied. The supports
shoild be placed over the release
film so that they do not stick to
the laminate. 1/2" metal strips(flat
stock) are used here.

10, Place a layer of release film over the
laminate. This laver should overhang the
laminate on each side by at least 3 to 4 inches
(8 to 10/ cm). The release film layer allows
volatiles to escape while containing resin.

Step 10. Place a layer of release
film over the laminate. This layer
should overhang the laminate on
least 3 to 4
10 cm). The release

each side by at
inches(8 to
film layer allows volatiles to escape

while containing resin.

12, A caul plate is placed over the laminate,
This plate, like the tool plate, should be both
clean and smoath.

Step 12. A caul plate is placed
over the laminate. The plate,
like the tool plate, should be
both clean and smooth.

- Continued-
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I3I to six layers of breather ply
material on top of the part. This allows for
the movement of &ir and of volatiles while
nast e hainn sired

13. six
layers of breather ply material
of the This

for the movement of

Step Place four to

on top part.
allows
air and of volatiles while part

is being cured.

15. Replace with sealant tape and remove the
sealant backing.

Step 15. Replace with sealant
tape and remove the sealant

backing.

14. Remaove adhesive tape from the edges of
the toal.

Step 14. Remove adhesive
tape from the edges of the
tool.

16. Insert thermocouples on top of seal
tape. Thermocouples must be stripped at t
point where they contact the sealant tape i
order to avoid leakage, Put a piece of se
tape over the thermocouples to secure an
complate seal.

Step 16. Insert thermocouples on
of

Thermocouples must be stripped

top sealant tape.
at the point where they contact
the sealant tape in order to avoid
leakage. Put a piece of sealant
tape over the thermocouples to

secure and complete seal.

- Continued-
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17. Place vacoum bag material over
assembly. The vacuum bag layer shoold be
large enough 1o accommodaie the volume of
the part.

17.

material

Place vacuum bag
assembly. The
should be

large enough to accommodate

Step
over
vacuum bag layer

the volume of the part.

B LA WLL MARS T MMLLLLL PMALIR MBI WRILL

vacuum lines. Pull 5 inches of Hg
1) of vacuum and hold for 20 tc
wtes. Do not exceed this limit of 5 in
gher vacuum may cause the faceshee
mple” over the honeycomb cells. Du
+ 20 to 30 minute period a leak check
nade.

Step 19. Turn on the vacuum pump
and connect the vacuum lines. Pull
5 inches of Hg(17kPa) of vacuum
and hold for 20 to 30 minutes. Do
not exceed this limit of 5 inches -
the
the

higher vacuum may cause

facesheets to “ dimple” over
honeycomb cells. During this 20 to
30 minute period a leak check can

be made.

18. Press the vacuum bag material down on
the sealant tape (o ensure a pood seal.

Step 18. Press the vacuum bag
material down on the sealant

tape to ensure a good seal.

| ¥ . ¢ - N =
20. Put the part into the autoclave and hook
up the vacuum lines, Start the autoclave rum.
Table 5.1 shows a typical autoclave cure

cycle.

Step 20. Put the part into the
the
the

autoclave and hook wup

vacuum lines. Start

autoclave run.

- Continued-
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21. After cure, the part is removed from the
autoclave. ..

12. ...and the bag material, breather plies
and ralaacs file are s aoed

Step 21. After cure, the part Step 22. ..and the Dbag
is removed from the material, breather plies and

autoclave... release film are removed.

24. The above pin shows the tools
readed® far thic neeadiea

13, The finished part is shown.

Step 23. The finished part is Step 24. The above picture
shown. shows the tools needed for this

procedure.

- Continued-
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15-20%
manufacturing repair for OEM

maintenance repair for air lines

Boeing major

b

hot bond, cold bond, bolted repair 3
, ( )

Co-cured

co-cured repair
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depaint

random orbital sander

surface abrasin, step sanding

grit/diamond edge hole saw

hot bond repair cold bond repair
Hot bond repair wet lay-up
200F - 230F, 250F, 350F
SRM (Structural Repair Manual) . Cold bond
repair 150F ,
. Damaged

arca

hot and cold

- 48 -



holding

NDI
, skin, core
oven autoclave, heating console
, heating console
blanket
, 250F, 350F
honeycomb
, kit
. Fig
(n
Fig. 14 (a)
. Fig. 14 (b)
4.1
(heating) :

- 49 -

. Damaged area

masking

, heat

kit

13 Kit



(heat gun) :
500 750

350

(thermocouple)
(control unit)

(oven curing) :

(autoclave) :

(heating blankets) :

(heat patch bonding machine)

(hot patch bonding machine) :
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gun)

42 (applying pressure)

(vacuum bagging)
(shot bag) :
(clecos)

plate)

(peel ply) :

(bleeder),

(vacuum bagging) :

- (sealant tapes) :

- 51 -

(spring clamp) :

(12)

(clamp)

(peel ply)

(heat

(caul



(release fabrics and films) :

(peel plies) :

(bleeders) :
(breathers) :
(calking plate) :

(insulation plies) :

- 52 -



18 81 BE JiS(vacuum Healingl BRI 22 SR ASINII= B0

Fig. 13 Repair kit.
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PARTENG FILM
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EXTHA REPAIR
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EEFAIR 1 .II‘.F-'—i

FILLER FLY -

ADHEEVE FILM

MASHING TAPE
IREMOVE AFTER
TAPER SANDING)

B - BES DR HAE 0 HEG HEE

NS A TION
BLAKKET

SEALANT TAFE

HEAT BLANKET ———— THERMOCOUPLE

(NG B .
BLEEDER CALKING PLATE

RELEASE

HEFAIR
FABHIC

PLIES

DAMAGED

PANEL ARGA

OB 1 08 BEASE SRS BR SAMD MNSY HE

(b)

Fig. 14 Diagram of composite repair.




5.1
CYTEC FIBERITE glass/epoxy prepreg style
7781 :
260° F . HEXCEL Nomex
honeycomb core , cell size  3/16"

. block 3M scotch-weld EC 2216 A/B

‘Out  of

freezer life’

‘Out of Freezer Life’

(Storage Life) : 10°F (-12 ), 180 days
(handling life)

-11 80 °F (27 ) : 1
-81 100 °F (38 ) 3
-100 °F
HEXCEL 3/ 16" Hexagonal
Cell Nomax . Table 4

- 55 -



110 120 °F

(12)

Table 4 The mechanical properties of the used prepreg.

Style
Mechanical Properties 120 or 220 7781
Class 1|Class 2|Class 1|Class 2
Compression ULT . (ksi)
75+ 5 °F 54 45 54 45
350 £ °F 27 24 32 25
Compression Mod. (Msi)
75+ 5 °F 29 25 3.1 27
350 + °F 22 2.1 2.7 26
Tensile ULT .(ksi)
75+ 5 °F 41 41 47 47
350 £ °F 25 25 27 27
Tensile Mod. (Msi)
75+ 5 °F 29 29 3.1 3.1
350 £ °F 24 24 2.5 26

- 56 -




Table 5 The mechanical properties of the used

honeycomb core.

M g <

< =3 —~ w»nn Z m g

Nomex honeycomb core

Compre-

ssion

Strength
(psi)

L. Shear

Properties

W. Shear Properties

ULT. psi

MOD. psi

ULT.

psi

MOD. psi

MIN.
AVG.

MIN.
IND.

MIN.
AVG.

MIN.
IND.

MIN.
AVG.

MIN.
IND.

MIN.
AVG.

MIN.
IND.

MIN.
AVG.

MIN.
IND.

250

200

155

140

5.200

4.500

84

67

2.800

2.500
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52

(Autoclave)
(cure cycle)
1, 2, 3,4 50,
100, 150 . Fig. 15
90
50 33
Interlaminar share test Flatwise tensile test
10, 50,100, 150
Fig. 16
Interlaminar share test, Fig. 17 Flatwise tensile test

specimen
Flatwise tension specimen
3M 2216 Adhesive Film
24 70 1
Cross head speed 3 6

Fig. 17
DMA (Dynamic Mechanical Analysis)

15, 3,45,6,75

DSC(Differential Scanning Calorimetry)
1, 2, 10, 20, 30, 40, 50, 100, 150
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Hold 90 minutes minimum

260

Temperature, 'F

1

1

l

Mot 1o Scale ;
130 : L "
i : '
! I |
: i ]
0 I i i
: Pressure =45+ 5 | :
5| -
Pressure, psi / \:
15 / ! :

0 : Time ——

Fig. 15 Autoclave cure and pressure cycle.
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Vieuims big meterial

‘/_ Breaiher

-

Maold release ar non-perforated
Prapreg parting il

Vacuum saaler tapa

Fig. 16 Interlaminar share test specimen

in autoclave.

/— Vacuwm bag material

Breather
et s T T e Release film
[n]]mr“m“"’"“’"“ﬂ]]l[u]mﬂ]ww > Glss Prepres. 2 piee

Vacuum sealer lape

Fig. 17 Flatwise tensile test specimen

in autoclave.




(b)

(c) (d)
Fig. 18 Test specimen.

(a)T ensile (b)Compressive

(c)Interlaminar shear (d)Flatwise tensile
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53

53.1

test . Fig. 19  Fig 20

strain
(13)(14)(157)(16)(17)

Fig. 19 The real shape of the used tensile test machine.
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Fig. 20 The real shape of the used compressive test

machine.

- 63 -



5.3.2 Interlaminar shear test

Interlaminar shear test

. Fig. 21  Interlaminar shear test
test . (a)
, (b)
(b)
(18)
Fig. 22 diamond wheel cutter
machine
p
__ 6.0mm(0 25in] dia
I loading nose
Specimen
W, o
! |

3.0mm([0.125in] dia

AN T

v

supports
~~

o
{—Spa n |_El'lg1h_‘=
P2

P2

Fi Specimen Length ————MW

Fig. 21 Type of shear load diagram.
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0.25"+0.02"

Ea

Specimen

—— 4.0"+0.5" ———

Thickness: 0.1"+ 0.05"

o

Fig. 22 The diagram interlaminar shear test.
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5.3.3 Flatwise tension Test

Fig. 23 Flatwise tension specimen

Flatwise tension specimen

, , interlaminar shear test

, glass/epoxy prepreg style 7781

Flatwise tension test machine

19
test A

Meminum ]
Bk ] >
I

Homdpoome &L
Sandhwieh Parsd

AT
Bk

(a) (b)
Fig. 23 The diagram and the real shape of flatwise tension

specimen.
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534 DMA (Dynamic Mechanical Analysis): DSC(Differential
Scanning Calorimetry)
DMA Laminate
, 10 /min ,
40 250 . Fig. 24 DMA
Dupon Instruments  DMA 983
. Amplitude 2mm , DMA Resonant mode

Fig. 25 DSC . Aluminum Pan
20 /min 40 180
, 5 /min 180 40 :
20 /min 40 180 , 5
/min 180 40 . TA Universal Analysis
V2.6D DSC2010 20
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Fig. 24 DMA983 (Dymanic machanical analysis).

190
st

Fig. 25 DSC 2910 (Differential scanning calorimeter).
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Fig. 26 (a) (b)

b

matrix
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a0

75

70

65

60

55

50

Fig.

I 6
4.8 1l
[ _I,..—--*_I-"""EI 45
fﬁ“ﬁw Ty AR
L . 4
| —o0—o0—0—0o—0——0—0 |
! < 2
- 1
L L i 1 i [ i [l i (1 i L i '] i O

Normal 1.5 3 4.5 6 50 100 150

26 (a) Tensile Strength test Curve of average data.

- Continued-
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100 r
S & ’Laj«p:l
o | U—M 73.4
o—a— -
40 i
20 |
gL & ¢ sy o5 5§ @ B

Normal 1.5 3 4.5 6 50 100 150

(b)Compressive Strength test Curve of average data.
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Interlaminar shaer test

short beam

. Fig.
22 (b) Interlaminar shaer load
()
F™=10.75% i’ (1)
bXh
F*"* = Short-beam strength, Mpa (psi)

Pn - Maximum load observed duing the test, N (Ibf)
b

h_

measure specimen width, mm(in), and

measure specimen thickness, mm (in)
Interlaminar shaer test

Flatwise tensile test Fig . 27 (b)

, Interlaminar share test
, Fig 27 (b) 10
10

Flatwise tensile test
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10

9.301 9.274
8. 082 9,039
g F
8. 585
a8 k
7 F
E A L A A A il A L i
Normal 10 50 100 150

Fig. 27 (a) Interlaminar shear test of average data.

- Continue-
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1000

886

900 b
841
800 F
o000 F
661 637 590

600 | -
EGD [ [l i 1 i [l 3 [ i

Normal 10 50 100 150

(b)Flatwise tensile test Curve of average data.
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Fig. 28 DMA (Dynamic Mechanical Analysis)

. DMA
dynamic , (loss
modulus) mechanical damping
potential
(Te),
tensile
compressive test
Fig. 29 DSC(Differential Scanning Calorimetry)
. DSC
/
(dQ/dt)
dH/dt m.al/sec
100
(Tg)
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Fig. 28 Glass transition temperature of DMA.
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160

150

140

130

120

110

100

129.2 199 3 129 .3 16 5 134.2
o j .j i '. j ] -
128.5 129.4 1207 126.6
118.6
Nomal 1.5 3 10 20 30 40 50 100 150

Fig. 29 Glass transition temperature of DSC.
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